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SUMMARY 
This  r e p o r t  contains a tmospheric  da ta  that  have been obtained by 
var ious  invest igators  f r o m  38 rocket-probe fl ights and two satellite- 
bo rne  absorpt ion spec t romete r s .  
complete  but should provide valuable inputs t o  s tudies  concerning the 
s t ruc tu re  and variabil i ty of the atmosphere.  
The da ta  sample  is by no means  
Atmospheric  t empera tu re ,  mass density,  and constituent number 
dens i t ies  of N2, 0 2 ,  0, He, and H as calculated f rom the MSFC Modi- 
fied Jacchia  Model Atmosphere,  1967, fo r  the conditions of a particu- 
lar observat ion are tabulated from 120 to  1,000 km fo r  mos t  of the 
observat ions.  
s tudies .  In using these  data ,  however, the investigator should con- 
s ide r  the l imitations (constant 120 k m  boundary conditions, empir ica l  
t empera tu re ,  etc.  ) of the MSFC Model Atmosphere.  
These  data  should also provide valuable input t o  var ious 
INTRODUCTION 
I n  conducting s tudies  fo r  the development of a n  improved desc r ip -  
tion of the upper a tmosphere ,  it  i s  necessa ry  tha t  a very  large amount 
of data be  considered. A s  these data a re  sca t te red  through numerous 
technical  r e p o r t s  and scientific publications, th i s  document w a s  devel-  
oped to  provide a compilation of rocket-probe data and a l so  to provide 
a l is t ing of the var ious source  re ferences .  
r e p o r t  w i l l  be  ve ry  useful t o  investigators concerned with the develop- 
men t  of a n  improved upper a tmospheric  model. 
It is anticipated that  this  
The  r e p o r t  may a l so  be u s e f u l  to invest igators  concerned with the 
finite s t ruc tu re  of the atmosphere.  These  invest igators ,  however, 
should obtain the or iginal  source  re ferences ,  so that proper  considera-  
t ion may be given to  the assumptions made in  reducing a par t icular  
s e t  of data .  
MEASURED DATA 
The conditions under which the measurements  were made a r e  
given for  each of the observations in Table 1. 
eve r ,  consist  of observations taken under different conditions. The 
flight conditions for  these  t e s t s  a r e  provided with the data .  
T e s t s  10 and 35, how- 
A l l  of the tes t s  except t e s t s  10, 28, 29, and 35 consis t  of measu re -  
ments that were made by rocket-borne m a s s  spec t romete r s .  Some of 
these mass  spec t romete r s  measured  N2 only, while o the r s  a l s o  m e a -  
sured  0 2 ,  0, He, H, o r  A r .  
density deduced from the NRL 1965-16D satel l i te ,  T e s t s  28 and 29 
consis t  of data deduced f rom the OSO-111 satell i te,  and T e s t  35 i s  a 
collection of 0 / 0 2  r a t io s  a t  120 km altitude. 
Tes t  10 cons is t s  of a tmospher ic  m a s s  
The data sample contained is by no means  complete,  but the 
document will be updated on a continuing bas i s  and will finally include 
a l l  available data. 
THE MSFC MODIFIED JACCHZA MODEL ATMOSPHERE (1967) 
The MSFC Modified Jacchia  Model Atmosphere (1967), which is 
basically a computerized vers ion of Jacchia ' s  Static Diffusion Model [ 13, 
i s  used to calculate the gas proper t ies  of the atmosphere between 120 
and 1,000 km altitude for the conditions under which each of the obse r -  
vations were taken. 
In developing the MSFC model,  the diffusion equation was inte- 
grated by a technique given by Walker [ 23, and the tempera ture  
dependency of the the rma l  diffusion factor  for  hydrogen w a s  obtained 
f rom the hydrogen profiles of Jacchia ' s  model. The contribution of 
hydrogen to the total m a s s  density, however, is very sma l l  (approxi- 
mately one percent a t  500 km) and could be neglected without a n y  
se r ious  consequences. 
The MSFC model is s impler  and bet ter  defined than the other 
existing models. However, a s  in other cu r ren t  models ,  constant 
boundary limitations do not allow the atmospheric  composition and 
tempera ture  to be real is t ical ly  defined. 
only one of the many combinations of tempera ture  and composition 
that may be associated with the m a s s  density. 
not l imi t  the accuracy of the m a s s  density that i s  defined by the MSFC 
model. 
These quantit ies represent  




Another l imitation of the MSFC model  is that  it does  not adequately 
r ep resen t  the a tmosphere  a t  high lati tudes.  
sa te l l i t e  d r a g  data ,  it has  been established that  a polar bulge exists 
in the winter hemisphere between about 60 and 80 degrees  latitude. 
The a tmospher ic  density at the center  of th i s  bulge may be  a factor  of 
2 o r  3 higher than the density a t  the lower lati tudes.  
bulge has  not been incorporated into the c u r r e n t  MSFC Model Atmos-  
phere.  
F r o m  the ana lys i s  of 
This  polar 
Even though the MSFC model  is ser ious ly  l imited as descr ibed 
above, the calculated gas propert ies  which w e r e  obtained f rom its 
application 
gas  proper t ies  f rom 120 t o  1,000 km alt i tude w e r e  developed using the 
MSFC model and a r e  given following the respect ive t e s t  condition 
for  which the calculations were  made. 
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1.25989+08 8.56884r06 5.01556+08 6.11121+06 0.0UO00 
6.60406r01 4.09661+06 3.46504+00 6.12015+06 0 . 0 U L l U U  
3.48042+01 1.91040+06 2.40191+08 5 . 5 8 2 3 3 + 0 6  U.OUUU0 
1.04206+01 9.52831+05 1.66sbl+O8 5.096eZrO6 0 ~ 0 0 0 1 ~  
9.19961106 4.62995+05 1.16319+08 4.65581*06 0.0000Cl 
5.23210*06 2.26009+05 8.13034*01 4.25020+06 0.1100G0 
2.80458106 1.10814+05 5.69211+01 3.89320106 O.llUl~l~ 
1.50819+06 5.45613+04 3.99460+01 3 . 5 6 3 1 5 r 0 6  O . * - t i l l * I (  
P .  14 f S 0 + 0 5  2.69831+04 2 .00098+01 3.26285r06 r) .OllOOLl 
4.41512+05 1.33991104 1 . 9 1 9 3 9 + 0 1  2.98941.06 LI.01111UU 
2.4(i101+05 0.60009+03 1.39168+01 2.14034.06 4.18+3#rUa 
1.31105+05 3.34169.03 9.L8933+06 2.51530106 4.1544lrU4 
1.18172+04 1.68122+03 1.01131+06 2.30622+116 4.066OII114 
3.94116+04 8.48439rO2 4.90010+06 2.11126r06 3.9LOllrO4 
2.11151+04 4.29004+02 3.5452S+06 1.94415+06 3 . 8 0 6 4 3 . 0 4  
l.20526*04 2.18646r02 2.52.40+06 1 . 1 * 1 1 6 + 0 6  3.8149.rOd 
6.69363*03 1.11844.02 1.80611*00 1.64314+00 3 . 1 3 5 6 9 . G 4  
3.12995+03 5.12263rOl 1.29355+06 1.5114OrOO 3.6564**04 
2.00542+03 2.94451r01 9.2lL6lrO5 1.390S9106 3 . 5 . 3 3 0 r U 4  
1.16962*03 1.52019*01 6.66.39+05 1.2.OIZ.Ob 5 . 5 1 0 1 * , * 0 4  
6.56365.02 1.88412100 4.60134.05 1.llOl5rO6 3 . . - a r a * t l .  
3.11129+02 4.lO251.00 3.40341.05 1 . 0 ~ 1 0 5 I O b  1.3C+*O.O4 
2.1D504.02 2.14262tOO 2.50299+05 1.00245.Ob 3 . 3 ~ > : 3 ¶ - 0 a  
1.19655*02 1.12312r00 1.81211*05 S.L409.rO¶ 3.839S.-O. 
6.~21~1401 5-90854.0: i.3:440.u5 e.533~0.63 X I . . ~ ~ . O .  
3.90061*01 3 .11956-01  9.$5004*04 I . L t 6 I b . O L  3 l < l * + l * u .  
2 . 2 3 1 1 f 1 0 1  1.65292-Ol 6 . 9 5 2 0 Y . 0 4  I.Z1143*05 J . U l O Z * O .  
l.Llr53+0l L . 1 8 9 0 1 - 0 1  5.06941+04 6./24S5105 2 9.196*04 
1.43136+00 4.60961-02 3.10300~04 b.21114+05 2 .929* * *04  
4.30221.00 2.5iii6-oc c.tosti+o4 s . o o i i r o ~  e . . t 3 r 4 * 0 4  
~.498zs.oo 1.34914-02 i.~e624+04 s.3r016ros z.ei~o~+o4 
1.45503+00 I.LI4LS-03 1.45641r04 4.91516105 2 . 1 6 4 1 2 + 0 4  
6.49953-01 3.91312-03 1.0726?r04 4.56106105 t . I l l 3 6 - 0 4  
4.91960-01 2.13SOt-03 1.90116r03 4.00566rO5 t . C 6 ' . i Z l * O 4  
2.92590-01 1.16321-03 5.83198+03 3.91653rU5 2.6IuLS.04 
l.12411-*11 6.355Ib-04 4.31093+03 3.63135.05 2 3 6 1 3 B r O 4  
11 
Reference [ 31,  Test $4. 
ETR 0381, MUMP 1 
January 24, 1967 
19:34 Z 









































Cape Kennedy, Florida 












































1.16 x lo9 




























9 1.01 x lo8 
1.25 
1.10 x 10: 
9.58 x 10, 




I Y Y I  
b 5 .  
16. 
bb. 




1 4 0 .  
151. 
1.2 




1 1 . .  
* * I .  




P b l .  
291. 
3 0 1 .  
3 1 3 .  
3L4. 
335. 







4 t I .  
4J1. 
4 4 3 .  








9 4 0 .  
1 52. 00000 
A L 1  














3 8 0 .  





















8 2 5 .  
b40. 
#eo. 








I C M I C M 3 l  
2 . 4  5940-1 1 
3.92145-12 
1.31910-12 
6 - 3 1  548-13 










3. 125 1 2 - 1  5 






3 . l t 4 3 S - 1 6  
?..t5023-16 


















4 .  91542-18 



























1 0 3 4 . 1  
1034.1 











1 0 3 4 . 1  
1 0 3 4 . 1  
1034.1 
1 0 3 4 . 1  
1034.1 
1034.1 




Test No. 4 
YSFC - I f  110 J A C C M I A  -EL ATWSPHERE (1961) 













0 .Om14 -05 
5.51bO1-OS 
3.#4293-05 

















3. 1 200 I-01 
L.61560-01 
2.321 14 -01 
2 . 0 3 6 5 5 - 0 1  
1 .8OJIb-Ol 






9 .2  1225-08 
b. 111 b6-98 
1.94353-08 
1.31640-08 





















1 5 . 0  
14.6 
14.2 









b . l  
1.5  
1.0 
e . 5  
6 . 1  
5. I 
5.4 




4 . 5  
4.4 
4.3 





3 1 . 1  
4 0 . 1  
43.4 
4 5 . 9  
48 .2  











r0 . z  
r z .1  
1 5 . 6  
19 .o 



















































1 3  
ReferFnce -[3], Test %5. 
ETR 0611,  MUMP 2 




1 4 0  
1 4 5  
150 
1 5 5  
160  
1 6 5  
1 7 0  
1 7 5  
180 
1 8 5  
1 9 0  






















17:50 L o c a l  (EST) 
Cape Kennedy, Florida 
TEMP E RATURE 
( O K )  
656 







8 0 5  
826 
840 




















1 0 0 0  
molecular nitrogen 
DENS TTY 
! par t/cc 1 
3.53 x 1o1O 
2.72 
2.10 
1 .64  
10 1.27  
7 .99  x 1 0  
1 .00  x l o 9  
6.40 
5.13 




1 .85  
1.54 
'9 
1 .28  
1 .07  x 
9.02 x 10 
7.60  
6 .41  
5.43 







1 . 5 2  
1 .31  
1 .12  x 10,  
9 .61  x 1 0  
8 
.:3 
A L l  
I U M I  
65. 
I O .  
e l .  
IO. 
119.  
1 3 0 .  
140. 
1 9 1 .  
182. 
1 1 3 .  
103 .  
194. 
2 0 5 .  
2 1 0 .  
i . 2 1 .  
? > I .  
2 4 l .  





3 1 3 .  
J24. 
1 3 5 .  
J 4 3 .  
Y $ * .  
361. 
S I . .  
3.0 . 
899. 
. l o .  
4 1 1 .  
4 3 1 .  
4 4 3 .  
413, 
4 6 4 .  
4 1 1 .  
4.6. 
4 9 0 .  
101. 
5 1 0 .  
929. 
$ 4 0 .  
: 5: .3333" 













3 4 D .  
360. 
3 . 0 .  
4 0 0 .  
420. 
4 4 0 .  
4.0. 
4811. 
5 0 0 .  
320. 
5 4 0 .  
$60. 
$ 0 0 .  
600. 





f r o .  





























4.00911 - 1 5  
3.3#341-15 





4 . 3 4 1 0 0 - 1 6  
3.ieers-ie 






4 . 2 5 1 1 1 - 1  I 
3.31 I S O - 1  I 
2.61612-11 
r .OMS 1 - I  I 
1 ..*I 19-1 I 
1.3.811-11 




6.2 I 5 0 6  - 10 
5 - 5 3 6 5 0 - 1 8  




3 . 5 1 4 f  1 - 1 0  
TEMP 
(010 












































1005 .2  
Test N". 5 - 
Y5fC *00IFIEO J A C C Y I A  D O C L  ATYOSPl4LRC Il96ll 
CY 11% 22 MRS 50 Y I W  L A T  Z L I . ~ ~ O O O  orca LONG -~O.SPOOO o r t i  
FREISURE 





















2.522f 1 -06 
1.90014-06 
1.44831-06 







2 .e91 5 9 - 0 1  
2.321 9 9 - O f  
2 .OC.62-01 
l . l O I 3 2 - 0 1  
I . m o i o - o r  
1.42113-01 
1.20912-O1 
1 . I  1123-0 I 





I .  13641-00 
6.62/00-00 













1 7 . )  





















6 . 5  
6.1 
5 . 1  
5.4 
5 .1  
4 . e  




4 .3  
4 - 2  
( R Y I  
11.6 
21 .e 






































2 4 4 . 5  
212.6 
t 6 0 . 3  
261.0 





4 .i9oar+v9 4. r i s 4 r a o  
2.12340wJ9 Z.11296+08 
1.10953+09 1.03?4?+00 
5.91 2fZ+06 5 -0604 I + O 1  
3.19103106 2.502?6*01 
1. *3 l29+06 1.24982101 
9.52033+01 6.28619+06 
5 . 2 4 4 6 f + O I  3.10106+06 
2.90234+01 1 .61f84*06 
1.61266+01 8.26614+05 
6.99101+06 4.24182+05 





2.91 501+05 8.42269+03 
1.66534+05 4.44193.03 
9.54462+04 2 .351  26*03 
5.48815+04 1.24916+05 
3.16569+04 6.66066+02 
l . 8 3 1 0 1 + 0 4  3.16462.02 
1.06329*04 1.91436+02 
6.lsllO~03 l.O3118+O2 
3.61593+03 1 .58054+01  
2.11835+03 3.02005+01 
1.24416+03 1.64960+01 





5 .45222101  4.62161-01 
3.26999+01 2.51661 -01 
1.06614.01 1 .44114-01  
i.ie622+0i 6.086i1-0~ 
1.1 144f+00  4.55181 -02 

































9 .O I634 * 0 5  
0.09826*05 
4 . 9 5 1  12+OS 
3.bb6.lrDY 
2./l..*OS 
2 . 0 ~ 0 . 0 . 0 5  
1 . 5 0 4 0 0 + 0 5  
1 . l t l l  6.05 
8.511 31.04 
6 . 2 0 O l 4 * 0 4  
4.6.911+04 





Reference [SI, Test # 6 .  
ETR 0851, MUMP 7 
January 24, 1967 
03:OO 2 




































Cape Kennedy, Flor ida  
TEMPERATURE 










































9.18 x 10 









9 1.31 1.07 x lo8 












8.41 x 10 
7.10 
6.00 
8 1.00 x lo7 
5.07 lo7 
T e s t  No. 6 
CIO 
A L l  
IYWI 
65 .  









1 1 3 .  
l . Y .  
194. 
205. 
216 .  
E t / .  
r 3 1 .  
14. 
I S . .  
2 1 0 ,  
x.1. 
291. 
3 V I .  











4 3 I .  
4.5 




b 9 6 .  
$01. 
S l . .  
si. 
940. 
I sc .ooooo 
A L T  



























































I .@614t-l 5 
5.1.OSl-84 











1.4 lbO4-1 I 
5 .  S6OC3-1 I 
4.10.rb-11 
3.19463 - 1  I 
c .41s .o- i  I 
1.945.9-1 I 
1 . 1 5 Y . Y - 1 1  
I .2643Z-l I 
1.04440-11 










































































































MOL. UT SCALE +I1 

































5 . 1  
Y.3 
5 .1  
4 . 
4.6 






















































4.00000+11 1.50000+10 1.60000+10 1.40000+01 0.001~00 
6.21616tlO 9.14634+09 2.09099+10 2.01303+01 0.00000 
2.01413+10 2.11925+09 1.002Ol*lV 1.54635*01 0.00000 
0.21821+09 9.91145*06 1.11531+09 1.295SI+OI 0.00000 
3./3919+09 4.00107+08 a.seesi+os i.iresi+o~ ~ . v u v ~ o  
l.R0006+09 l.I8OL3*00 2.33482+09 1.00262+01 0.00000 
0.95231+00 8.0~69a+or i.sss43tvs s.00366+06 o.vonuv 
4.53656+08 3.69592+01 l.O5VIS+09 0.13103*06 0.00000 
2.32162+08 1.12S12+01 1.16016+08 1.31110+06 0.0000U 
1.20469+08 8.13016+06 4.90861+00 6./0S19*06 0.00000 
6.2/634+01 3.85991+06 3.31939+08 6.10309+06 0.00000 
3.28168+01 1.043?I+06 t.13450+00 5.56212+06 0.00000 
1.13031+0? 0.05425+05 1.61132+00 I.OI395rO6 0.00000 
9.14599+06 4.21290+05 l.l2334+00 4.63110*06 0.000U0 
4.05404+06 2.01159+01 /.82096+01 4.23031.06 0.00000 
2.58621+06 1.00883+05 S.4S150*01 3.06628+06 O.OOI111C 
1.38323+06 4.93423+04 3.81661+07 3.51553.06 0.00000 
1.42S68+01 2.42364*04 2.6?483+01 3.23483r06 0.0111100 
4.00104+05 1.19S41+04 1.61051+01 2.96129+06 0.00000 
2.16364+01 1.92123*01 1.32209+01 2./1230+06 4.41926.04 
1.11423+05 2.94481+03 9.32362+06 2.40112*06 4.43066.04 
6.39530+04 1.41014*03 6.5B056+06 2.21846+06 4.33151t04 
3.49540*04 1.31209*02 4.66S20+06 2.09041rO6 4.24302-04 
1.91111+04 3.11132*02 3.30990+06 1.9181S+Ob 4.1SZ90r04 
1.05115*04 1.01551+02 2.31296+06 1.16lbb106 4.Ob135rO1 
5.62116+03 9.S1161*01 1.61191+06 1.61040*06 3.9a005+04 
3.22904*03 4.64610101 1.19609r06 1.48151r06 3.89llIlrO4 
1.19536*03 2.41193*01 6.11251~01 1.36186r06 3.61.511+04 
1.001S6*03 1.2111I3+01 6.12lOl~OS 1.25.44.06 3.13145.04 
5.60185+02 b.SSlbS.00 4.3911I.OY 1.15.32tOb 1.6601.rO4 
1.14191*OC 3-38006*00 3.16241+01 1.066.6+06 3 . 5 ( I b 1 1 + 0 4  
1.11350*02 1.11814+00 2.2181#*01 9.82110~0~ 3.51 3 ~ 1 . 0 .  
1.00130.02 9.16123-01 1.6444.rOS 9.OSl46.05 3 . 1 4 z S c > * O 4  
3.68360+01 4.19000-01 1 ~ 1 0 9 1 1 ~ 0 5  0.3526SrOS 1 . 3 l * 4 4 . 0 4  
3.232.9.01 2.113bb-01 @.6139lr04 t.lOSB3rO9 3 . J , I ~ o r ~ i  
1.04410+01 1.32382-01 6.25121104 I.Ilz3O*U5 3 . 2 4 0 5 6 * 0 1  
1 .05581r01  6.99684-02 4.54466r04 6.5b141*0$ 1.11862*04 
6.06230*00 3.11115-OP 3.309L2104 6.Obb94.05 3.11821*04 
3.4914~+00 i.975iZ-02 e.4i4rsr04 S.~OIOI.OS ~ . O S ~ S Z + O ~  
2.01692+00 1.05506-02 1.16411*04 1.1.431.05 P.99126*04 
1.16065+00 3.61412-03 1.~9190+04 4.19549*0S 2.93641.04 
6.19166-01 1.04111-01 9.41411+03 4.431lt*OS 2.48lilG*04 
3.95014-01 1.64106-03 6.96OOSr03 4.10039*05 2.02511*04 
2.3141*-01 0.00S43-04 1.12141r03 3 . 0 0 5 1 0 + 0 5  Z.11116r04 
l.3lb.9-01 4.02I04-04 Y . 1 1 4 1 1 + 0 3  3.5216t.01 Z.llr)ll.Y4 
1 7  
Reference 131, Test #7.  
ETR 1942, MUMP 4 
April 25, 1967 
06:30 Z 






















































































1.18 x log 










9 1.41 1.18 x lo8 












8 1.36 1.17 x 10, 







T e s t  No. 7 
0 4 1 C  APllL ZS, 199I 
















2 0 s .  
21. 
221. 
r 3 i .  
24*. 
2 5 9 .  







9 4 1 .  
390. 
so/. 
> I * .  
w e .  
s9*. 
410. 
.? I .  
49t. 
4 4 1 .  
b Y 3 .  
4b4. 
4 1 9 .  
44a. 
406. 






































110 .  
1.0 
( 8 0 .  
boo. 































6. l O O 3 9 - 1 0  
4.lal46-I6 
3. S116.-16 













1 . 3 9 s 3 1 - 1 1  
r . z w m - s a  
















































































t . e i o s / - o r  



















Y)L. U T  SCALE Ml 



































































I 0 . G  
I2.S 
r s . 5  
19 .0  
83.1 
88.0 
9 3 . 1  
100.3 














219 * 3 
266. I 
213.4 
4.00000+11 1.SOOOO+lO 1.60000~10 3.40000.0I 0.00000 
6.18299+10 9.66313+09 2.02824+10 1.95081+01 D . 0 0 0 0 0  
2.01301+10 2.86418+09 9.65784+09 1.49423.01 0.00000 
8.93838+09 1.11202+09 5.81310+09 1 . 2 5 S S O + O l  0.00000 
4.31336+09 4.81590+08 3.11910*09 l.l0023+01 0.00000 
2.20114+0S 2.2rIbS+01 2.1154#+09 9.64319+06 0 OUUOU 
1.16131+09 1.10264+06 1.13451+09 0.90919+06 0.00000 
6.29143+08 S.4S459*01 1.21314+09 8.11661.06 0.U0000 
3.44096*08 2.13620+01 6.51100+08 1.42319+06 0.00000 
l.L96/1+U8 1..58S94+01 6.069SI+04 8.60685+06 U.UUV0U 
1.05242+06 1.0?130+06 4.34131+08 6.2S131+06 0.00000 
S.8IUO9+01 3.62915+06 3.11116+08 S.14la1+06 0.00000 
3.28886+01 1.81200+06 2.23360+08 S.28952+06 OtOOOOO 
1.85010+01 9.10036*U5 l.bOlbO+08 4.6112lr06 0.00000 
1.04466+01 5.04603+0S 1.1S915+08 4.48015+06 0.00000 
5.91980*06 2.63110*0S 8.38126+01 4.13864+06 0.00UUU 
3.36623+06 1.363rl+US 6.01016+01 3.e1182+06 0.00000 
1.92U66+06 1.28681*04 4.40491+Ol 3.52364rO6 0 . O O O D O  
1.09952+06 3.dS201+04 3.20261+01 3.2531u+06 0.0L11100 
6.31S05+0S 2.04390+04 2.3328S+OI 3.00S81*06 2.91595.04 
3.63881*05 1.08653+04 1.10241+01 2.118Ll+Oe 2.25960104 
2.10346+01 S.81852+03 1.24468+0/ 2.56098r06 Z.Z:601+04 
1.2198O*OS 3.12146+03 9.116S1*06 2.31658*06 L . 1 * 3 3 0 + 0 4  
f.G9592+U4 1.68062+03 6.6693lr06 Z.l90S9*06 2.13166+114 
4.14016+04 9.08081.02 4.91114+06 2.01668.06 2.09111Y.U4 
2.423111*04 4.9Z395+02 3.62082+06 1.*6661*06 2.0S143.04 
1.42313*04 2.61931*02 2.61092+06 1.1484.rO6 2.01219~04 
6.30122+03 1.46298*02 l.91365+0. 1.62111rO6 l . e f Y U ~ + U 4  
4.95063.03 8.01584*01 1.46091+06 1.503bb.06 l.DSC30104 
2.93323*03 4.40691+01 1.083tlrOb 1.3OS32.06 1.9U2.0.04 
1.14300*03 2.4310.*01 0.04S44.01 1.29S33rOb l.ablsb.U4 
1-0S816*03 1.~4S60~01 S . 9 0 S b O . O Y  1.20102106 l.a.\316+0a 
6.ZOI88.02 l.4l2b5+00 4.46054.0S 1.11114.06 l.r..11+Oa 
3.12182+02 4-163S1+00 3.329SSrOY 1.03894.06 l./StIb.O. 
2.2313#*02 2.32143*OG 2.46936.0Y 9.66088roY i.,*s?s.o. 
1.34603.112 1 . 3 0 5 Z 6 * U G  l.a6422+0S ~ . O d l O ~ * G Y  l.IbIPI*O4 
..lS44S*Ol 1.34363-0I 1.3983t.OS 0.3636SbOS 1 . b 1 3 9 1 . 0 1  
4.94361+01 4.14486-01 1.010s2rOS l . l a b S b + O S  1.64424.04 
3.UOS1S+Ol 2.34603-01 I.904C0~04 I.2S216-OS 1.615PS.04 
1.032OS+01 1.33296-01 S.91l4zr04 6 . I S f O a . O S  1.3Eb@S*O4 
l.ll98SrUl I.SS452-02 4.496/6+04 6.29624*05 l.YS93.5.04 
6.86368+00 4.34031-02 3.39948.04 l . e 1 2 0 3 * O Y  1.S323ltO4 
4.Z180B+00 2.468lS-02 2.S1366104 S.41824rOS 1.5U5e9-04 
Z.S9912+00 1.43069-02 1.9Sll4r04 5.11211+0Y 1 . 4 6 O O l * 0 4  
1.60516+00 8.21129-03 1.46221+04 4.11224*05 I 4 5 4 * 4 * 0 4  
19 
Reference e3] ,  Test #8.  
ETR 4803,  MUMP 5 
April 25,  1967  
19:oo  2 
14:OO L o c a l  (EST) 
ALTITUDE 
(km) 
1 4 0  
1 4 5  
150  
1 5 5  
160  
1 6 5  
1 7 0  
1 7  5 
180  
1 8 5  
1 9 0  

























3 2 0  
Cape Kennedy, F lor ida  
TEMPERATURE 










9 3 1  



































10 1.54  
9.54 X 1 0  
1 .20  x l o 9  








1 .81  
1 .54  
9 1 .32  1.13 x l o 8  
9.66 x 1 0  
8.34 
7.20 
6 . 2 1  
5.38 
4.63 
4 . 0 1  
3.47 
3 . 0 1  
2 .61  
2.27 
1 .97  
1 .70  
1 . 4 8  
1 .29  8 1 . 1 2  x 10,  
9.60 x 10; 
8.29 x 1 0  
1 1 0  




8 6 .  
. I .  
108. 
119. 
1 3 0 .  
1 4 0 .  
1 5 1 ,  
l a x .  






















410 .  
art. 
41;. 
1 4 5 .  
4 ) s .  
4.4. 
d 1 5 .  
4 L 6 .  
496. 
901. 
¶ 1 8 .  
SI?* .  
3 4 0 .  
131.00000 
A L l  
I I Y I  
120. 












3 8 0 .  
400. 
are. 
4 4 0 .  
460. 
4ao. 
5 0 0 .  















L Z L I .  
L 4 0 .  
860. 
8 8 0 .  
*oo . 
820. 




O C N 8 1 1 1  














0 . 5 0 E I Z  -1 5 
6.10198-15 
4.431164-15 

















J .  918tl-1 t 
3 . 1 0 6  1 3  - I  I 
2 . 6 1 3 9 @ - t I  
2.16124-1 I 
I.803b3-11 






6. ~ 6 3 / 4  - I  n 



























1 1 8 4 . 4  
1144.4 
1 1 8 4 . 4  
1184.4 
1 1 8 4 . 4  
1184.4 
1184.4 
1 1 8 4 . 4  
1 1 8 4 . 4  




1 1 8 4 . 4  
1184.4 
1 1 6 4 . 4  
































6 .66106-0 I 
5 . 5 0 3 1 a - O f  







I . S U C I - O I  
1.15104-01 
1.6010s-01 







































1 . 9  















50 .1  
5 3 . 2  
5 1 . 5  




6 5 . 6  
61.4 
69.1 
1 0 . 1  
12.4 
1 4 . 1  
1 5 . 9  













1 4 2 . 3  










4.00000+11 1.50000+10 1.60000*10 3.40000*01 0.00000 
6.01556+10 9.53241+09 1.94432+l0 1.81905*01 0 . O O O O U  
2.12294+10 2.903Olt09 9.58334+09 1.43002+01 0.00000 
9.69306+09 1.23960+09 5.00322+09 l.Z029O*Ol 0.00000 
4.98810+09 5.85926+08 a.assne+oe I . O ~ I M ~ + O I  o.ooooo 
2.13428+09 2.96339+00 2.69001+09 9.53150+06 0.00000 
1.51313*09 1.55800+08 1.92011+09 0.695.5r06 0.00000 
9.OZ161tOB 8.38809+01 1.40514+09 1.99414+06 0.00000 
5.31305+Ll8 4.50533+01 1.03519t09 l.30296+06 0.00000 
3.15902+00 2.13293+01 1.61531*00 6.83139.06 0.00000 
1.89133*00 1.40992+01 5.11001r08 6.14613+06 0.00000 
1.13844ron t.e9soz+o6 4 . ~ 1 5 0 6 * 0 8  s.aeto9+06 O.OOOOO 
6.8B200IOI 4.44263+06 3.211523*08 S.48513.06 0.00000 
4.it128+01 2.5io91to6 2.400a2~00 i.i0119*06 o.aouoo 
2.14405+01 1.42413+06 1.01410+08 4.15564*06 0.000011 
1.5S441+01 8.11311+05 1.36063+08 4.43190+06 0.00000 
9.52684+06 4.63106+05 1.03413+08 4.13221+06 0.00000 
5.85642+06 2.65915+05 1.83529+0I 3 .85455+06  0.00000 
3.61064+06 1 . 4 3 0 0 0 + 0 5  5.94314*0/ 3.59111*06 0.00000 
2.23244+06 8.03206*04 4 . 5 1 5 3 1 + 0 1  3.3582e+06 9 . l S l l 4 . 0 ’  
1.38422+06 5.11486+04 3.43616+01 3.136¶*.06 9.148Ll8r~ld 
0.60616+0S 2.91159*04 2.61908+01 1.93OlZ.06 9.584lO*O3 
~.36628+0s 1.13iorr04 1.99944-01 z.13005+06 9.4r3rst0.r 
3.35100*01 1.01250+04 1.12819*0/ 2.56166.06 9.26/05+03 
2.10323*05 5.93166*03 1.11013+01 P.39634.06 9.1131910* 
1.32204+05 3.49211+03 4.91912*06 2.24255+06 8.96398.03 
8.33211*04 2.06081+03 6.89114+06 2.09043.06 ..81135.OJ 
5 . 2 6 5 1 6 ~ 4  1.21060+03 5.30588r06 1.96618-06 8.6139a.v) 
3.33582+04 I .23%?1+02 4 .00184*06  1.84101+06 8.5331$+03 
2.11892‘04 4.3Ol11.02 3 .15408+06  1.12644r06 8 . 3 9 6 Y $ . c 3  
1.34940*04 Z . Y 1 3 2 3 * 0 2  1.43118*06 1.61866+06 L . X b 2 3 l . 0 3  
8.61135+03 1.5408¶*02 1.885SlrOC. 1.51816rO6 9.13001.0s 
5.51442+03 9.2¶312+01 i . i e . i s a r 0 6  1.4~i4iros 8.002aa.0~ 
3-51844.01 ~ ~ 5 1 3 1 1 * 0 1  I.l3423*06 1.336.3.0. 1.8106?+li3 
Z.Z/6l6*OS 3.36604*01 L l . O 1 4 I G * O I  1.25518r06 l . I 5 S 4 ~ * 0 3  
1.46118+03 C.03812IOl 6.86003*05 1.11900+06 /.6S294*0) 
0.48804.02 1.23824r01 5.34626*05 l.lOll6*06 1.59493*03 
6.14811.02 1 . 5 4 1 4 1 + 0 0  4.11229*05 1.0411@+06 1 . 3 9 8 3 1 . 9 3  
3.99340rOP 4.60161+00 3.26011+05 9.1894OIOI I . 2 8 6 2 2 . 0 S  
~.600i2+02 2.8~039+0n z.551~4.0~ 9.20133.0i I . ~ I Y ~ I - * ; B  
1.69691*02 1.13100+00 1.99939*05 L . 6 6 Z I 8 + 0 5  1 . 0 6 6 8 9 . G S  
1.11005*02 1.06623rOO 1.56882*05 0 . 1 9 5 1 0 * 0 5  6.9bOYI+03 
l.21831+01 6.50191-01 l.Z3260+0S I.6?6OI+O¶ 6.83643.03 
4.10321+Ul 4.0r311-01 9.69119+04 I.Ot921+0¶ 8 . 1 5 4 1 0 1 0 3  
3.15064*01 2.52196-01 1.63091+04 6.81010*05 6 . 6 5 4 4 4 r t i J  
21 . 

































Wallops Is., Va. 
molecular nitrogen 
DEN3ITY 




















1.11 x 133 
1.21 8 1.30 x 10, 



























Test No. 9 
I10 
A L  7 
I n n 1  
os. 
IO. 
0 0 .  























3 4 5 .  
390. 
3 - t .  






4 4 3 .  
493. 








I r .ooooo 
A L T  





too .  
tLl1. 
t40. 




















o m .  
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. 2 0 .  
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0 6 0 .  




















I. 39440- 1 5 










I .t34 IO-1 I 
5.t19.9-11 
3 .ot*or-i r 
r.8~4ts-ir 
r.1 ioap-ir 
I .  004et- I I 
i.s34i9-ir 
i .o 16 14- I r 
0 .*PI?*- 18 




4 . 2 6 0  5 8  - 1 0  
3 .  80642 - i 0 
3 . 4 i r 1 5 - 1 0  
3.06510-10 
z.r*oss-io 
2.34 roi -io 
2.32511-18 
t . 12 112- 18 
1 .OY105-18 
1. rs212-18 
VlOm 16.00000 AP 5.0000 EXOI TEMP 8 3 0 . 1 5 5 0  HOUR ANC -343.0010 
(Ql IOYNCL/CMZ) (VU1 TLESSI 
355.0 2. 10030-02 
560.6 1.46801-03 
6 o i . a  3.05116-03 






835 .9  5.40052-05 





030.  9 4.4 1612-00 
030.1  3.09003-0. 
630.1 2.1625S-OS 
o 3 o . r  1.53650-06 
8 m . r  1.12050-06 
830. r 0.2r602-0 I 
0 3 8 . 0  6.23901-01 
030.0 4.oooro-or 




O I O . ~  t.re~as-or 




0 3 0 . 0  9.14660-04 
030.0 0.0?.t10-00 
030.0 O.OLl9I-00 
6 3 8 . 8  1.32165-00 
038.0 6 . 1 0 3 0 0 - 0 0  
036.0 6.15259-06 
030.0 5 .65961-00  
030.0 5.21608-00 
030 .e 4 .  os s t r - o o  
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Reference [4], Test 111. 
NASA 18.03 
( upleg) 
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ig:16 P 
13 :16 LOCAL 
Port Ch@z-a%t 1 iz, )lan3. toba 
molecular nitrogen 
DENSIni 
( P a w 4  









1.22 x io8 




































Reference [ 4 ] ,  T e s t  /I l l  Concluded. 
. - - .  _ _ -  
N A S A  18.03 
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2.24 
1/59 
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NoJembor 10, 1965 
0 7 : O O  Z 
31:OO LOCAL 




2.74 x 10l3 
1.43 13 
8.32 x 1.19 
2.59 
1.21 








1.09 x 139 
8.49 x 138 
6.62 









Nommber 13, 1965 
07 :30 2 
01:m LOCAL 
For t  Shum hi 11 Mc ni toba 
m0kUl.r mitrogea 
IlEN31W 
(par t/cc ) 
-- , 
1. ‘15 
1.13 x l ~ ?  
8 . b )  x 13” 
6.87 
G 5 * 3:1 5.13 x 10 
34 
Test No. 12 
ALT ALT 
(Yl (I*l 
oe. iro.  
?Oe 140. 
0 0 .  1.0. 
. I .  1.0. 
i o @ .  roo. 
11. .  rro. 





1 b S .  5.0. 
I.4 3.0. 
cna, sen. 
r ia .  400.  
rrr. 4ro. 
r s i .  440. 
r4b- 400. 
#a* .  400. 
r r o .  100. 
rat. e m .  
r.1. w o .  
SO#*  5.0. 
SlJ. 5.0. 
a m .  aoo. 
SS1. u o .  
J4S. 040. 
J.0. b.0. 
JO?. -0 .  




48:. We.  
4Jr. 000. 
4 4 s .  420. 
4 9 1 .  840. 
404. e.0. 
4 r # .  e m .  
4b6. 900. 
4.6. * 2 0 .  
( o r .  9 4 0 .  










O f S . 0  






o w .  I 
wr.. 
0 W . b  
H S . 0  
H S . 0  
OOS.1 
0.3 I 
W S . 1  
-9.1 
H 3 . 1  
H S . 1  
WS.l 
H S . 1  
WS.1 
W S . 1  
-3.1 
WI.1 
W S . 1  
O.S1 
WS.1  













M E O I U l C  







i m i 0 0 - 0 4  










0.4 ? n0-0, 
4.blSO9-0I 
~.rmeo-or 












0 .  O*?S?-Ob 
O.lSbO?-Ob 
1. I I O I I - O b  
5.34l62-08 
4. e001 1 -Ob 
4.65bSl-Ob 
4.901 1 .-Ob 
4 . O l l t O - O b  
S.bO5.4-00 
3. U1t 1-0. 
3.41041-Ob 
3 .22Ib ?-08 
3 . 0 5 0 r - 0 8  




i i . 6  



























































50 .5  
62.1 
I 5 . S  








t 1 0 . 1  
rrr. r 
233.0 
m a . ?  
rm.r 
aw.4 
? ? l . S  
t b O . 5  
t b e . 5  
Z9b.b 
301.1 
Sl? .b  
S t ? . .  
SSb.2  
340.b 
S 5 9 . b  
1 7 1 . 1  
NUYCR OCWbl T I  (CY-SI 
W ( N r 1  N ( 0 )  NtO) wtno No() 
Reference [5], Test #13. 
TABLE 1. Number Densities., number/am* 
km Nitrogen Oxygen oxygen Argon Helium Total 
120. 2.363 + l l t  31843 + 10 1.303 + 10 7 . m  + 08 2.183 + 07 2.89E + 11 
125. 1.323 +'11 2.023 + 10 9.60E + 09 4.423 + OS 1.493 + 07 1.623 + 11 
130. 8.20E + 10 1.17E + 10 7.183 + 09 2.703 + 08 1.093 + 07 1.013 + 11 
135. 5.533 + 10 7.403 + 09 5.473 + 09 1.733 + 08 8.453 + 06 6 S3E + 10 
140. 3.933 + 10 5.003 + 09 4.273 + 09 1.14E + OS 6.863 + 06 4 87E + 10 
145. 2.90E + 10 3.533 + 09 3.423 + 09 7.70E + 07 5.783 + 06 3.60E + 10 
150. 2.193 + 10 2.563 + 09 2.813 + 09 5.243 + 07 5.OlE + 06 2 53E + 10 
155. 1.67E + 10 1.893 + 09 2.363 + 09 3.G2E + 07 4.453 + 06 2.10E + 10 
160. 1.283 + 10 1.413 + 09 2.023 + 09 2.533 + 07 4.033 + 06 1.633 + 10 
165. 9.943 + 09 1.0633 +09  1.74E +09 1.803 +07  3.693 + 06 l.%E + 10 
170. 7.753 + 09 7.973 + OS 1.513 + 09 1.303 + 07 3.423 + 06 1 01E + 10 
175. 6.103 + 09 6.06Ei + OS 1.303 + 09 9.233 + 06 3.203 + 06 8.01E + 09 
180. 4.843 + 09 4.663 +OS 1.123 + 09 3.01E + 06 6 44E + 09 
185. 3 . S E  + 09 3.623 + OS 9.573 + 08 2.853 + 06 5.21E + 09 
190. 3.12E + 09 2.853 + O S  8.283 + O S  2.70E + 06 4.243 + 09 
195. 2.50E + 09 2.263 + OS 7.373 + OS 2.583 + 06 3.473 + 09 
200. 2.ME $09 1.7OE + O S  6.863 + O S  2.523 + 06 2.93E + 09 
Number denaitiea probably accurate to 20% with the following exceptions: argon not reliable above 
t R8ad M 2.36 X 10'. 
Altitude, Molec. Molec. Atomic 
175 km., helium and atomic oxygen pOeaibly only accurate to within a factor of 1.5. 
Mass M t y  and Number-Density Ratios* 
Total Number-Density Ratioa Separation Ratios 
Altitude, lMnSS 




















































































































Mslg U t y  probably murate to N%, ratios have same accuracy as composition tu given in Table 2. 
t d - 8 .  
36 
Test  No. 13 
110 
A L I  
IW) 
S I .  
1,. 
8 0 .  




140 .  
151. 
108. 
S I B .  
1.1. 
1.4 






















4 4 s .  



















t w .  
too. 

















W O .  
..o. 
0 0 .  
me. 
180. 
140 .  
I C 0  . 
roo.  
000.  
6 2 G ,  
b 4 0 .  
@ W .  
e o o .  
0 0 0 .  
*to. 
940. 




























1 .et41*-1 I 
I .tO@81-1? 
1.0168I-1 I 
6 .I64 IS-1. 
*.eolOs-Ie 
5 -60 ?34- I @  
# . O W 8 1  -1, 
4.4s430-aa 
3.*t.s.-1e 
3 . 4 M r I - l .  
3.lZel5-16 
2. b I  r88- I @  
2.54695- I b  

















W l  .e 
*SI. I 
ms.5 























r o t . .  
103. 1 
m3.3 
J 0 3 . 3  
1 0 3 . 3  
1 0 3 . 3  




103 .3  
103.3 
I O 3 . 3  























8 .  StO0.0-01  
t . o ISPI-0 r 
I .  me04-01 



















3 .t YCte-08 
t.Ie130-06 
WL. U T  SCALE M l  
(Wf l L C O 8 l  
2s. 
t5 .e 
t4 . t  
tt.e 
tI .I 















0 . s  















t . 1  
2. 1 
t .e 
t . 5  
t . 5  
1.4 
8.4 





































I61 . S 
8 I l . l  
2OO.t 
t66.6 








Reference [SI, Test #14. 
Total 
Mean MME Number Density Ratioa Separation hth 
km Weightt dun' 0104 0m8t 08m Ar-N, He-& 










































9 . 8 0 6 1 2  
6 . 0 8 0 1 2  
4 . 1 3 6 1 2  
2.953-12 





6 . 4 1 6 1 3  
5 . 2 5 0 1 3  
4 . 3 5 0 1 3  
3.62E-13 
3 .O3013 
2 . 5 5 0 1 3  
2.15E-13 
1 . 8 2 0 1 3  
1. & 5 E 1 3  
1 . 3 2 0 1 3  
























































































1 6 8  
1916 
2227 
Muu, denaity probably accurate to 25% and mesn molecular weight probably accurnte to 20%. 
t huming  no wnll loas. For y - 0.14 (eee text) multiply the atomic oxygen by 1.25 and modify the . .. 
0th results rrceordingly. 
. \ I t  i t  tdc, Bloli*ci l:ir A lolmcrilnr Atomic t 





1 . 1 0  
I .I  .-> 















:\.M)l; -4. I I 
I .titiIC + 1 1  
1.0.11: -1- I I 
&!)!)E 4- 10 
4.!1115 + 1 0  
3..',615 --I- 1 0  
2.63K '4- 10 
I . Q W  +- 10 
1.5% + 10 
1.1815 + 10 
9.RJE + M 
7.4515 + O!l 
6.01E +On 
4.8SE + 09 
3.99s + 09 
3.27s + 09 
2.68E + 09 
2.2iE + M 
1.82E + O!) 
1.IiOE + 09 
1.23E + 09 
4.5lE + 10 
?.3E + 10 
1.32E + 10 
9.50E + 09 
(i.17E + 09 
4.14E + 09 
2.87E + 09 
3.05E + 09 
1.50E + 09 
1.12E + 09 
8.52E + 08 
6.56E + OS 
5.llE +OS 
4.02E + 08 
3.18E + 08 
2.55E + 08 
2.02E + 08 
1.62E + OS 
1.3OE + 08 
1.05E +08 
8.51E + 08 
1.76E 4 10 
1.ME + 10 
1.39E + 10 
1.23E + 10 
l.lOE + 10 
9.743 + 00 
8.6.33 + 09 
7.68E + 09 
6.83E + 09 
6.06E + 09 
6.393 + 09 
4.79E + 09 
4.253 + 09 
3.783 + 09 
3.363 + 09 
2.98E + 09 
2.65E + 09 
2.353 + 09 
2.09E + 09 
1.86E + 09 
1.49E + 09 
6.1OE + OS 
2.9GE + OS 
1.65E + 08 
1.OlE + 08 
6.67E + 07 
4.50E + 01 
3.27E + 07 
2.07E + 08 
1.658 + 08 
1.26E + 08 
1.ME + 08 
8.963 + 07 
7.04E + 07 
6..'rlE + 07 
5.G4E + 07 
4.92E + 07 
4.363 + 07 
3.923) + 07 - 
3.573 + 07 
3.283 + 07 
3.03E + 07 
2.80E + 07 
2.50E + 07 
2.40E + 07 
2.21E + 07 
2.06E + 07 
1.93E + 07 
1.83E + 07 
2.10E + 11 
135E 4- 11 
9.35E + 10 
6.783 + 10 
5.0SE + 10 
3.90E + IO 
3.ME + 10 
2.4.53 + 10 
1.98E + 10. 
1.63E + 10 
1.35E + 10 
1.14E + 10 
9.58E + 09 
8.12E + 09 
6.91E + 09 
5.90E + 09 
5.05E + 09 
4343 + 09 
3.733 + 09 
3.20E + 09 
1 
Number densities probably accurate to 25% with the following a x ~ e p t i o ~ :  argon nvt-diable rbarr. 
f Aquming no wall loss. For y = 0.14 (aee text) multiply the atomic oxygen by l.!kzbd mddy 
15.5 km, helium possibly only acoumte to within e factor of 1.5. 
o h r  reaulte accordingly. - .  
38 
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I .  itoro- i t 
S.SS**Y- 1 t 
3 . 6141Y- 1 I 
? -03  I4 I -  1 ? 
?. 1 3401-1 I 
1.64154-11 
1 .?..OS- 1 I 
1.04001-1? 
0.11116-1. 
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OO? . 1 
M L . 1  
am.1  
PICISURL WQC. WT SCALE HT 






L .O l?N-04 
1 .21061-04 
r . r ~ i ~ ~ - o s  
4.4eY00-05 
t . 0 1  151-01 















I .  136?2-O? 
1.50?95-OI 
















3.1 11 30-00 
26.9 
2Y.6 























































































2 r t . o  
e r r . .  
, . -  
Reference 161, Test #15, 
Total 
Mean MIW Number DensitpAstCk- * -- -. Bepan- - 
Altitiide, hlolec. . Density, t 77 
















































2 . 0 6 6 1 2  
1 . 5 5 6 1 2  
1 . 1 9 6 1 2  
0.30E-13 
7,373-13 
6 .  m e 1 3  
4.72E-13 
3 . 8 0 0 1 3  




























































































nrrurntc to 257,, ratios and mean molecular weight prciLd,Iy accurnt c l o  30::. 
For y = 0.14 (eee text) multiply the atomic oxxgcii t)y 1.25 and modify the 
Altitiide, Mnlecdnr Molecular Atornict 









l ( i 0  
1 ti.-, 











J 2.!)13 + 11: 
1.7613 + 11 
1.11E + 11 
7.28E + 10 
5.0113 +- 10 
3.59E + 10 
2.6715 + 10 
2.0:315 + 10 
1.XE + 10 
1.243 + 10 
0.S4E + 09 
7.8'21.: + 09 
6.23E + 09 
4 . !m + 09 
4.00E + 09 
3.2.5E + 09 
2.GSE + 09 
2.23E + 09 
1.SGE + 09 
1.533 + 09 
1.20E + 00 
3.ME + 10 
2.1.5E + 10 
1.293 + 10 
8.093 + 09 
5.283 + 09 
3.*553 + 09 
2.473 + 09 
1.7GE + 09 
1.29E + 09 
9.0013 + 08 
7.283 + 08 
5.GOE + 08 
4.34E + 08 
3.3s3 + 08 
2.643 + 08 
2.07E + 08 
1.G3E + 08 
1.29E + 08 
1.03E + 08 
8.17E + 07 
6.38E + 07 
1.76E + 10 
1.48E + 10 
1.253 + 10 
1.OGE + 10 
8.9.iE + 09 
7.593 + 09 
6.4.X + 09 
5.503 + 09 
4.693 + 09 
4.01E + 09 
3.43E + 09 
2.94E + 09 
2.533 + 09 
2.18E + 09 
1.88E + 09 
1.62E + 09 
1.40E + 09 
l.22E + 09 
1.063 + 09 
9.203 + 08 
8.02E + 08 
1.23E + OI) 
4.911i; + 08 
2.69E + 08 
1.G3E + 08 
1.01E + 08 
6.46E + 07 
4.32E + 07 
3.09Q + 07 
5.133 +OS 
1.58E. + 08 
1.22E + 08 
9.653 + 07 
7.80E + 07 
G.46E + 07 
5.48E + 07 
4.733 + 07 
4.13E + 07 
3.GRE + 07 
3.21E + 07 
2.853 + 07 
2.553 + 07 
2.31E + 07 
2.13E + 07 
1.98E + 07 
1.83E + 07 
1.59E + 07 
3.49E + 11 
2.1:m + 11 
1.37E + 11 
9.lSE + 10 
6.433 + 10 
4.723 + 10 
3.573 + 10 
2.773 + 10 
2.19E + 10 
1.75E + 10 
1.41.E + 10 
1.14E + 10 
9.23E + 09 
7.52E + 09 
6.173 + 09 
5.1m + 09 
4.273 + 09 
3.603 + 09 
3.04E + O!) 
2.553 + 09 
2.09E + 09 
* Number dcnsitirs prohzbly accurate to 25% with the following exceptions: argon not rdinhle s h v c  
t Assuming no wall loss. For y = 0.14 (see text) multiply the atomic oxygen by 1.25 and modify thc 
155 krn, helium possibly nnly nccurntc to within a fnctor of 1.5. 
other reaiilts accordingly. 
Read BB 2.91 X 10% 
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Reference [ 71, Test 1/18. 
46 




















? ? I .  
? S t .  
?4*. 
? S 9 .  
r r o .  















4 4 s .  
4 9 1 .  
4 0 4 .  
4 1 s .  
48.. 
4s.. 

































u o  . 
.W. 







* t o .  
a.0. 



















































9 r s . r  
915.1 
9r5.r 
9?¶ .1  
CICIIUlC 


















I. 301 SO-06 
3.056?9-06 
2.83 I11 -0. 
?. 10 I99-0. 








?. ?03S9-01  
1. s1es.-0 1 
?.OS 31 b-01 
1. I* 1.t-01 
I .ser43-6? 
1 -401 IO-O? 
1 .2.2.O-O? 


































1r .4  
11.1 




















































1 4 1 . 1  
180.1 
1 1 1 . 1  
105.3 





24 r .o 
254.  3 
2 a . e  
t66.b 




































Reference [8], Test #19. 
Al&&,h. Xriniber h i t i c s ,  em-' Total 31- 
Density, g 'cad 










. 1 . 0 0 E I 0 - 1 X 1 0 '  
AIOl&, kra . S u m h r  Dcmity Iiatior SIcrrn..>Iokculnr Weigh; 
do), n(Ol) n ( 0 t ' n S )  100 x n(.W'n(Td - 
20.94 0.33 . --- - 115 1.00 0.19 l ? O  I.% O.?G 0.50 26.33- 
125 1.95 0.3'2 0.45 25.92 
130 2.40 0.37 0.43 2.5.53 --- 
135 2.20 0.33 0.47 25.55 
140 3.46 0.31 0.44 24.11 
145 6.01 0.81 (0.49) 23.33 
150 7.33 0.81 (0.35) 22.a 
155 7.97 1.01 . 22..5s 
ataM 1:19 @.Oe 
-~ --  
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NUHSER V t N a i i ' r '  i i d - 3 1  
N ( N 2 )  N ( 0 2 1  N ( O 1  N ( H E 1  N f H I  
. 4 9  
'. 
Refereme [q , Test #20. 
% Composition Total No. Dene./cc Mass Dens., g/cc 
Altitude., Mean 
km Nr Or 0 Mol. Wt. Ti To Ti Ti Ti To Ti Ti 
110 80.7 13.6 5.7 27.9 8.8 +11* 9.4 +ll* 
120 i8.3 12.2 9.5 27.4 2.6 4-11 2.4 +11 
130 75.8 10.1 14.1 26.7 9.9 +10 6.4 +10 
140 i3.2 8.2 18.6 26.1 4.8 +10 3.0 +lo  
1,' i0.5 6.8 22.7 25.6 2.7 +lo 1.54 +10 
If8 66.4 5.7 27.9 24.9 1.69 +I0 9.0 +9 
170 61.6 4.9 33.5 24.2 1.14 +10 5.8 +9 
180 56.0 4.2 39.8 23.4 8.0 +9 4.0 +9 
190 52.7 3.8 43.5 22.9 6.0 +9 2.9 +9 
200 49.8 3.5 46.7 22.5 4.6 +9 2.25 +9 
210 49.2 -3.0 47.8 22.4 3.9 +9 1.86 +9 






4.1 -ll* 4.4 -ll* 
1.19 -11 1.09 -11 
4.4 -12 2.8 -12 
2.07 -12 1.31 -12 
1.14 -12 6.5 -13 
4.6 -13 2.3 -13 
3.1 -13 1.57 -13 
2.3 -13 1.12 -13 
1.72 -13 8.4 -14 
1.44 -13 6.9 -14 
7.0 -13 3.i -13 
NEUTRAL COMPOSITION OF THE ATMOSPHERE 
10' 9o 110 + 130 I50 I70 I90 2 10 
ALTITUDE (hm) 
Fig. 6. Variation of 0. particle density with altitude determined from nodal points Of 8 
plot rimilar to Figure 3 drnwn for 0. penk heights. Solid and dashed riirvcs are baaed on anme 
mmptions .I) those in Figure 5. 
51 
Reference [ 91, T e s t  #20 Concluded. 
I I I 1012 1 I I I I I I 1 :  
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1 I I I 1 I I I I 
Ioa90 I10 Ix) I50 I70 I90 2 IO 
' 
ALTITUDE (km) 
Fig. 7. Variation of 0 pnrticle denaity with altitude determined from nodal points of a 
plot eimilnr to Figure 6 drawn for 0 peak heights. Solid nnd dushed curves are bnwd on the 





Fig. 6. Variation of NS pnrticle density determined from nodal pointe of Figure 3 and com- 
panion plot for N (not reproduced in this pnper). Solid curve assumed tk = m in (1). Dashed 
curve assumes all particles ionized in electron beam have adjusted to temperature of ion wurw 
pa&. 
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3 . 1  
3 .  I 
3 .0  
3-e. .  
3.6 
3.1 
( K Y I  




































































3 m  
a30 
. I' 
5.81 - 13 4.94 - 13 1.24 + 10 1.05 + 10 
3.44 - 13 2.07 - 13 7.34 -t n 0.33 4- 9 
1.36 - 13 1.18 - 13 2.00 + 9 2.52 4- 9 
8.88 - 14 7.87 - 14 1.89 + 9 1.68 -k 9 
5.03 - 14 5.31 - 14 1.26 + 9  1.13 4-9 
4.01 - 14 3.03 - 14 855 + 8 7.74 8 
2.77 - 14 2.53 - 14 6.91 + 8 539 + 8 
l . f@ - 14 1.77 - 14 4.22 + 8 3.77 8 
1.42 - 14 1.20 - 14 3.03 + 8 2.69 + 8 
1.01 - 14 9.12 - 15 2.15 + 8  1.96 4-8 
7.20 - 15 6.55 - 15 1.54 + 8  1.40 + 8  
5.12 - 16 4.68 - 15 1.09 + 8  9.98 + 7  
3.67 - 15 3.36 - 16 7.83 t 7 7.16 + 7 
2.12 - 13 1.83 - 13 4.52 + 9  '3.00 + e  
024 
1050 
066 686 1208 
710 73G 1351 
760 781 1467 
790 821 1573 
832 840 1668 
864 873 1747 
905 908 1794 
914 017 1800 
920 024 1704 
924 928 1780 
028 032 1768 
929 935 1747 
930 938 1726 





























1.65 + 5 
1 . 0  + .i 
2.10 + 6 
228 + 5  
2.48 + 5 
2.75 + 5 
3.12 +5 
3.70 + 5 
4.35 + 6 
5.15 + 5 
5 . 0  + n  
0.50 + S  
7.00 + 5  
7.40 + 5 
7.75 + 5 
8.00 + 5  
8.30 + 5 
8.40 + 5  
8.40 + 6 
8.40 + 4  
1.02 + 5 
1.17 + !i 
1.35 + 5 
1.68 f 5 
1.65 + 3  
2.08 + 6 
2.30 + 3 
2.55 +.-I 
2.05 -t 6 
3.50 -t 5 
4.30 + t  
5.15 + 5 
5.0 + t  
0.50 + 5 
7.00 +.i 
7.40 + 5 
7.75 + 5 
8.00 + 5  
8.30 + 5 
8.40 + 5 
8.40 + 6 
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4 .m43t-  i 
f.045*4- 1 b 
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1. 5b.01- Ib 
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b.55591-11 
. 1 11 re- : r 
4 .  mm1t-I  I 
1. b5?b0- 1 1 
I. .2blI- I r 
L.tlY1b-lI 
I .  1.318-1f 
I . 4 t 5 1 * - 1  I 
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P44.  1 
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945,l 
9 4 5 . 1  
S45.1 
945 .1  
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045.1 
W 5 . 1  
7.. 10030-02 
I l4*1-03 
5.45tJ I -03  
1 .?5545-03 
* .bSIb3-04  
5.5S265-04 
3.3@36 I - 0 4  
1.01502-04 
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4 . 4 ~ ~ 0 - 0 6  
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1.19004-06 
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1.20 - 12 
7.70 - 13 
4.08 - 13 
2 9 1  - 1 3  
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7.20 - 14 
4.w - 14 
2.$?2 - 1.1 
1 A!) - 1.1 
1/21 - 14 
7217 . 1.5 
.;.I2 - 1.5 
3 x 2  - I5 
2.10 - 1.5 
2,IM + 8 
:1.10 + 8 
2.28 -t n 
1.67 + I 
1.Oi t 8 
7.10 t 7 
4.54 t 7 
2.74 + 10 
1 . l i4  + 10 
V.!?!I + 0 
ti.% -I- 9 
:1.111 f 9  
2.4;I . - ! I  
1.64 i I1 
0.82 -I-s 
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I.i0 i- Y 
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7.00 c7 










X ! I  701; 
760 7o!l 
7 11; ? I  I 
732 713 
i l t i  71.1 
711 715 . 
i~0lVnlc.p 
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Test No. 23 
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021.1 r.esr65-01 
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b t 1 . f  3.3OSSS-01 
0 1 1 .  f 2. 14919-Of 
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oc1 .1  a.etit.-ot 
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oca. f 1 .43f .8-0f  
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021.t i . i z r t i - a r  
or1.1 1.0101a-01 
ora.1 * . i ~ o o i - o e  
mi.1 0.~115e-oo 
B.1, I 1.5332b-00 
021. I ..60431-00 
021.1 @.3091G-O@ 
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Reference c 4 ] ,  Test #24. 
NASA 18.05 
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em. r 5. 115 10-06 
9M.t 4.t1411-0b 
o90. r 3. IO reo-06 
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990.9 1. I4025-0b 
9SO.b 1.3L513-0b 
s ~ 0 . 8  I .OLZI~-OS 
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990.0 6.344t4-OI 
9.0.8 5.  I I 111 -or 
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990.9 3.4 r 34 L - o I 
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s9o.b r.5oi~r-01 
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e90.8 6. I 6 O f Q - 0 0  
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Reference 141, Test  1/25. 
NASA 18.22 
August 28, 1966 
04:03 z 























































































8.70 x 108 










7.46 8 9.10 x lo9 





















5.18 x 1O1O 
62 
Test No, 25 
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Reference [ 4 ] ,  Test #26. 
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Reference [IO], Test 927. 
N,. No. cm-a n(N:). pmticlen cm-* TN,, 'IC T.. 'Ii - PW). P om-8 -- _ .  Altiil.ude. 





150 4.40 - 13 
160 2.41 - 13 
170 1.41 - 13 
180 8.57 - 14 
190 5.16 - 14 











4.40 - 13 
2.38 -13 
1.40 - 13 
8.35 - 14 
6.08 - 14 
3.15 - 14 
1.94 - 14 
132 - 14 
9.38 + 9  
5.14 + 9  
3.01 + 9  
1.83 + 9  
1.10 + 9  
6sO + 8  
938 + 9  608 
6.08 + 9  638 
2.99 + 9 649 
1.78 +9 655 
1.08 + O  687 
6.72 4-8 667 
4.14 + 8  657 




776 833 ' 
774 s.78 
772 R58 
772 8 ! V !  
78.1 012 




961 1144 , 
1047 1180 
4.00 + 3 
6.40 + 3 4.10 + 3 
6.00 4- 3 4.25 + 3 
5.80 + 3 5.20 + 3 
6.20 + 3 6.00 + 3 
7.80 + 3 '. 7.20 4- 3 
1.08 + 4 ~s 8.70 + 3 
1.65 + 4  
2.40 + 4 
4.20 + 4 
6.60 + 4  
8.20 + 4 
0.50 + 4 
1.06 + 6 
1.10 + 6 




8.80 + 4  
1.20 + 4 
1.95 + 4  
3.65 + 4 
5.w 1-4  
7.80 + 4 
0.30 + 4 
1 .00 -f .i 
1.w + t  
1.00 + t  
1.00 + 5  
9.70 + 4 
9.40 4- 4 
9.00 -t 4 
66 
Test No. 27 
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PRCSSURE 
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4 .~PPOL-O r 
3 .795 i9 -or  
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1 . ~ 3 a c o - o r  
2 .02695-01  
I .  f 1940-01 
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b.94205-08 
b.SYbS5-W 
5.8369 I -08  
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4 .  5 rosa-08 
4 . 2 3 O J f - O d  
3  SOP r - 0 8  
3.65130-08 






2 4 . 4  
23.1 
2 1 . 9  
t 0 . r  
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3 . 1  
3 . 0  
3 .O 
I K M )  
1 1 . 6  
1 0 . 6  
23.4 
P l . 0  
30.0 
3 2 . 6  
35.0 
3r.e 
39 .9  
40.9 
42.5 
4 4 . 0  
45 .5 
41.0 
4 8 . 6  
5 0 . 6  
5 2 . 9  
5 5 . 9  




9 0 . 6  
















L 6 t . 2  
P W . 1  
t r 4 . 0  
2 19 .* 




A1 t N2 O2 0 e 
- - 9 156 - 3.5 x 10 
200 3 x 10 2.5 x 10 8 x lo9 5 x 
250 6 x lo8 1.5 x lo7 3 x lo9 8.5 x 
300 8.5 lo7 2.0 106 9 lo8 4 10-14 
320 5 107 7.5 105 7 108 2.5 10-14 
400 2 x lo6 3.0 x lo4 1 x 10 4 10-15 
350 1 107 2.5 105 4 10 8 x 
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Test No. 28 
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111b.b b.41bO0.-01 
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Test No. 30 
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Smoothed 0, number dendies. Our data are uncorrected for dynamic decta. 
TABLE 1. Number Densitier in Ion Source 
Numbcr Dcnaitice in Ion 
Source, in unita of 
lo*@ per cc 
Altitude, Velocity, 
km m/wc 0 0: N: Ar 
UJfJ (UP) 753 32 72 2 0  2.5 
1 1 1  ( d o n )  716 17.4 34.8 152 1.05 
123 (UP) 630 4.8 2.95 19.0 0.12 
133 (up) 301 2.3 0.80 0.4 0.03 
i 27 (d0m)  462 3.0 1.82 13.0 0.07 
I I I I 1 
110 I20 130 
ALTITUDE IN KlLOMETEHS 
100 
Fig. 7. Total mass density versue altitude. 
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Reference [ 151 
Number Density 
A LT. N2 He 
110 1.78 x 1OI2 1.56 x lo8 
120 3.78 x 10 1.22 x 108 
130 1.25 x 1011 1.02 x lo8 
, 
. I  , . 
140 6.24 x 1O1O 7.81 x lo7 
150 3.41 x 10” 6.46 x lo7 
155 2.60 x 1O1O 5.76 x lo7 
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Test f 3 5  
ntr - c-.----- LE I 5 LLLG r L L V ~  1 L7 
Number Denrity Ratios at 12dkm M Measured by Rocket-Borne Maan Spwtmm.ten 
~ 
I h t a  d n(Ar)/n(N:), n(He)/n(Nd, 
Flight Time Latitude n(Ol)/n(O:) X lo" x 10- Reference 
Nov. 20, 1956 2321 CST 59"N 0.50 Meadow and T o m -  
Feb. 21, 1958 2002CST 59"N 0.70 Meadows and Town- 
Mar. 22,1958 1207 CST 59"N 1.13 Meadows and Town- 
July 1959 Sunrise 'middke' (0.71)* Pokhunkov [1962] 
Scpt. 23, 1960 0056 LT 'middle' 0.72 (0.63) Pokhunkov [ 1963a, 
Nov. 15, 1960 1141 EST 38"N 0.58 Meadows-Reed and 
Smifh (19641 
May 18, 1962 1302 EST 38"N (1.2 ) 0.53 
Mar. 28, 1963 0255 LT 38"N 1.2 0.52 Schaefer [1966] 
June 6, 1963 0730 MST 33"N 1.1 0.31 Hedin e l  al. [1964] 
Nov. 26, 1963 1316 LT 38"N 1.2 0.47 SchaeJ'er [1966] 
Feb. 18, 1965 1409 LT 59"N 0.75 0.60 Sdraefcr I19661 
Feb. 19, 1965 0317 LT 59'N 0.75 0.53 S h f m  [1966] 
Apr. 15, 1965 0345 MST 33"N 0.33 0.33 9.2 Hedin and Nicr 
Dec. 11, 1965 0505 MET 40"N 
Dec. 12,1966 1320c9T 59"N 0.87 0.37 Gross d d [1967] 
Dec. 12, 1966 1320 CST 59'K 




sdraefer ana' Nicholr 
-fm4----- - 
U Q W  *. 
1.56 , 0.50 Mauersberger d al. 
I [1967] 
I19671 
25 Hartmann .1 al. 
b 
Mean value: 0.97 0.56 , 
V d u a  in parentheses are calculated by the author from published hn ewlcRt ratioe. 
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Reference [ 173 
SPEC. I1 SPEC. I 
AL T. Upleg Down leg - Argon 
110 - 1.7 x 10l2 - - 
115 8.3 x 10 l1 5.8 x 10l1 9.2 x 10l1 4.6 x lo9 
120 4.3 x 10l1 3.1 x 10l1 4.2 x 10l1 1.5 x 109 
130 1.4 x 10l1 1.0 x 10l1 1.2 x 10l1 2.3 x lo8 
140 6.7 x 1O1O 5.6 x 1010 5.7 x lo lo  8.0 x lo7 
150 3.4 x lolo 3.3 x lo lo  3.3 x 1O1O 3.1 x lo7 
155 2.6 x lolo 2.6 x lo lo  2.7 x 1010 - 
Mole c ula r N it r ogen I- -  
He 1 ium 
1.6 x lo8 
1.5 x lo8 
8 1.3 x 10 
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Reference €181, Test #37. 
TABLE: 4. Moleoulsr s i 8 A W  oxy- Number DenSitir 
a n(O,), m-' do), cm" n(Oa)/s(Ns) n(O)/40l) 
Calcutsted from.raw data: 
.5.3 E 10 0.144 0.86 4.6 E 10 120 
150 5.8 E 9 1.1 E 10 0.189 .'1.9 
0.116 1.9 8.2 E 10 120 / . 
'504- a.4 E 9 2.0 E 10 (0.109') 6.0 
/ for recombination of 0 to 0: and 0:: 
/ 
4.2 E 10 
-d 
V h  dloA by authom (me tea). -.. 
116 8.59 E 11 3.97 E 9 4.62 E-3 
im 3.64 E 11 1.44 E 9 3.96 E-3 
126 2.21 E 11 6.14 E 8 2.78 E-3 
135 6.79 E 10 1.16 E 8 1.71 E4 
140 6.15 E 10 7.48 E 7 1.45 E4 
146 3.97 E 10 6.06 E 7 1.27 Ea 
160 3.06 E 10 
2.35 E 10 
130 1.01 E 11 a.06 E 8 2.04 ~ - 3  
165 - 
*N.dr d e d h  pmablr Mcumu b ius l?d 
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155 1.0 x 1010 9.9 lo9 
94 
Test No. 39 
e 






0 0 .  





191 ,  
101. 






8 3 1 .  
140. 
?#*. 
t m .  

















444 .  
4 f Y .  
4.6. 
1.6. 





A L T  
(KM) 




t o o .  
zro . 
r40. 












500 .  
5tO. 




u o  . 
640. 
..o. 

















DCYI 1 TI 
I CMICMS) 
t.45940-11 








0 J J 6 3 O t -  15 





4 . 2 l O M - 1 6  
1 .69 roe- 10 
1.14143-16 
1.14189-10 
1 .  11116-1 1 
9 .rerer-i 1 
a.6ra.o-1 I 
I .a33 1?-1 1 
1 .94163-1 1 
1.4 141 ¶- 1 1 
1.15?33-11 
9.15054-18 









2 # 4 3 ¶eo- 1 0 
2.11 132-14 




































R 1 . 3  
PI1 .3 
Ill . 3  
111 .3 
R l . 3  
I t 1  - 3  











f 2 1 . 3  
2. ?OO3O-O2 
6.94535-03 
f . 56654-03  
1.11423-03 
5 .32?34-04 









2. I1 113-06 
1. f915O-06 
1.20110-06 
8.3364 1-0 1 
5.91 241 -Of 
4.59752-01 
3.51.05-01 
2.791 f 6-0 I 
2 .2 1100-0 1 
1.8980L-01 
1.a1069-01 




0.9  1468-00 
































































1 8 . 3  
31 . I  
33.5 
35.0 





































4.00000+11 ?.50000+10 1.~000+10 3 . 4 0 0 0 0 ~ 0 1  0.00000 
6.471?9+10 9.86042+09 2.28619+iO 2.18408+07 0.00000 
l.BO342+lO 2.34422+09 l.OtO36+lO 1 .68285rOf  0.00000 
e.l913t+OS 6.981lf+OO 5.39505+09 1.30951+07 0.00000 
1.34075+OS 2.31161+00 3.04525*09 l.l051S*O? 0.00000 
9.39901*08 8.11851+01 1.18675+09 1.02837rOl 0.00000 
3.87918*08 2.98000+07 1.01160+09 9.00620+06 0.00000 
1.63208+08 1.10904+07 6.51446*08 7.93011~06 0.00000 
6.95591+01 4.18697+06 3.99462*08 f.OOrt7+00 0.00000 . 
2.992?7+01 1.59748+06 f.4(1458+00 6.20490+06 0.00000 
1.29?33*0? 6.14658*05 1.52716+08 5.50295+06 0.00000 
5.059f8*06 2.38213+05 9.50?30+07 4.886Z0*06 O . O O W 0  
2.48336+06 9.29f35+04 5 . 9 3 6 6 6 4 1  4.34201+06 0.00000 
i . o 0 5 ~ + 0 6  3.64693+04 3.ri~60+01 3.0asi4aa o.ooooa 
4.85719~~5 i.43065+04 z.ssa~s+or 3.43*14+06 o.ooono 
2.16430+05 5.71535+03 1.41196+07 3.06393*06 0.00000 
9.69086*04 2.20155+03 9.29991*06 t.73160+06 0.00000 
4.35973+04 9.15162+02 5.19181+06 2.43699+06 0.00000 
1.9f065+04 3.69546+02 3. f4272106 2.11583+06 0.00000 
8.94905+03 1.49921+02 2.38387+06 i.S4360+06 L.O11S8*05 
4.08267*03 6.11410+01 1 . 5 2 2 3 f + O 6  1.13141+00 L.OOJ56*05 
l.B1107+03 2.50655+01 9.  74737*05 1.55420+00 L.11054*05 
e.61386+0z 1.03290+01 e.ziiie*o~ i . w i i ~ + o o  Z.~ILU~-OS 
3.98335*02 4.2781 1+W 4.02096*0$ 1 . L 4 6 0 8 + 0 ( 1  1 . 5 I O S * + O E  
l.bY023t02 1.78099*00 2.59024.05 1.11015+00 &?.5103O*O5. . 
8.63204r01 1.41154-01 1.00063rO5 1.00150*08 t.44161-05 
4.04417*01 3.13325-01 l.OOSOOIO5 0.90114.05 t.3r?O?r06 
1.90349*01 1.32400-01 7.08413+04 0.069?1*05 1.31441+05 
0.99639+00 1.6ttz4-0~ 4.61639+04 i . t s 0 3 0 . 0 ~  r.essa4roe 
4.21003*00 2.19904-01 3.01551*04 6.51019*09 1.1e414rO5 
O.OIJZO+OO i.oz~03-0~ 1.?7498+04 9.0634.*05 r.l300*~os 
a.wms-oi i.eiotr-oa 0 . 1 t m t ~ o 3  4.1s310.01 e.oet.o.os 
9.?4150-01 4.43150-03 1.29605.04 5 . t f 1 0 9 . 0 ¶  t.OOil4rO9 
1.2S955-01 8.3dLt.9-04 5.02519*03 4.C0334*01 l.*8DYJ*OS 
1.094.1-01 3.04496-04 3.11101*05 3.06?1*+09 1 . 9 1 1 0 P . O S  
Te s t 1/40 










800 x l O l 0  
2.3 X lolo 
9.4 x 10 9 
3.8 x 109 
I 1  0 














194 .  
?OS.  
? l e .  
z z t .  
Z 3 t .  
?48 .  
Z$9. 
2 1 0 .  
. a l .  







set .  
s t * .  
389 . 
399.  
4 1 0 .  
. ? I .  
4 s t .  
4 4 1 .  
4s). 
4 6 4 .  
4 1 5 .  
4*6. 
4 9 6 .  
5 0 1 .  
S I . .  
5?9. 
5 4 0 .  
I 33  .ooooo 
A L l  
1 I M )  
1 L O .  
140 .  
1 W .  
1 . 0 .  
zoo. 











440 .  
4.0. 




5 6 0 .  
5.0. 
- 0 .  
.?a. 




tzo  . 
t 4 0 .  
t60 . 
t o o .  
roo. 
e 2 0 .  
4 4 0 .  
6M. 
0.0. 




9 0 0 .  
10L10. 
DLNSI T V  
lCN/CM3 I 
? .45946-  1 1  
3 .  856 .4- i t  
1 .59690-12  
6 .0291 9 -  13 
3 .  5 tW9-13 
t .O t 5 1 t - 1 3  
1 .26?39-13 
1 .94530-14  




1 .06111-14  
I .  61109- 1 5  
5 .46838-  15  
3.93859-1 I 
? .86l!6t-l5 
2 . 0 9  t 4 5 -  1 I 
1 . 5 4 t t 9 - 1 5  
1 .14959-15  
8 .  Ya t t 8 - 1 .  
6 .44963-18  
4 .86890-  16 
3 .  693 16-16 
t . 8 1 w l - 1 6  
?. 15 t49-  I 6  
I .66143-16  
1 .?8.33-l. 
1.001.3-16 
* . * 4 t 5 t - 1 t  
8 . 1 8 9 3 1 - 1 ?  
4 . 9 1  668 - 1 ? 
3 . 9 3 6 1 Z - l t  
3.1 t t 4 3 -  1 t 
?. 50 t 8 0 - 1  t 
2 . 1 2 t 3 4 - 1 t  
1 . t650 I -  1 t 
1 .46050-1 I 
I .25301-1?  
1 .Ot253-1 t 
9.26502-18  
8 .O t960- 18 
t . 10936-18  
S .  30032- 18 
5 .64103-18  
F l 0 B  iii.00000 I C  $.E%! EmQ5 ICMP 1146.4836 HOUR ANC -302 .6005  
351.0 2. fGO3O-02  
619.4  0.14410-03 
8m.o 4 . 0 ~ 6 3 e - m  
9 6 2 . 2  2 . t4959-03  
1046.6  1.34151-03 
io08.0 o.se850-04 
1111.4  5.39003-04 
1 lt5.4 3.5591 ?-04 
1133.0  2.39900-04 
1136.6 1.64584-04 
1141 .8 1.14652-04 
1143.6  8 .09199-01  
1144. I 5.16366-05 
1145.4  4 . l t 5 9 4 - 0 5  
i i 4 5 . a  3.04a54-05 
114a.1 t .23tO6-05 
1146.2  1 . 6 5 t 0 ? - 0 5  
1146.3  1 2 3 8 3 6 - 0 1  
1146.4  9.28051-06 
1146.4 f .OPl48-06 
1146.4  5 .35190-01  
1146. 5 4.10421-06  
1146. 5 3 . 1  10P4-06 
1146. 5 ?. 46 159-06 
1146.5  1 .93635-06  
1146.5 1 .532  13-06 
1148.5  1 .?2452-06 
1 146. 5 9 .  d 1919-01 
1146.5  0 . 0 5 t 0 6 - O f  
1146. 5 6 .e34 10-0 I 
1146.5 5 .  5 I U O - 0 1  
1146.5  4.654?6-01 
1146. 5 3 . W t 6 0 - 0 1  
1146.5 3.4101 7 - 0 8  
1146.5 L.90466-Of 
1146.  5 2 .  bG224-0? 
1146.5 2 . 3 0 4 5 t - 0 1  
1146.5 2.'35t61-0? 
1146.5  1.d500O-Ot 
1146.5  1.615IZ-Ot 
1146.5  1 .5260t-07  
1146.5 1 .39609-0t  
1146.1  1 .?843t-Of 
1146.5  1 .18546-01  
1146.5  1 .09180-01  
2 6 . 9  
2 5 . 0  
2 4 . 9  
24 .1  
2 3 . 2  
22 .4  
2 1 . 6  
2 0 . 9  
20.2 
1 9 . 5  
16 .9  
18.4 
l t . 9  
l t . 5  
11 .1  
16.8 
1 6 . 5  
16.2 
1 5 . 9  
1 5 . 6  
1 5 . 3  
11.0 
1 4 . 6  
1 4 . 3  
1 3 . 9  
1 3 . 4  
1 0 . 9  
1 2 . 4  
1 1 . 9  
1 1 . 3  
IO. t 
1 0 . 1  
9 . 5  
a . 9  
6 . 3  
? . O  
t . 3  
6 . 9  
6 . 5  
6.1 
5 . 8  
5 . 5  
5 . 3  
5.1 
4 . 9  
1 1 . 6  
23.3 
31.1 
36 .6  
40 .1  
44 .0  
4 6 . 9  




5 8 .  5 
6 0 . 5  
62.3  
64 .1  
65 .0  
6 t . 1  
69 .1  
10.0 
t 2 . 5  
I4 . 4  




o t . 2  
91 .o 
9 5 . 4  
100.4 
106.2 
I l t . 8  
120.3 
1 2 o . t  
lit.* 
148.1 
1 s 9 . 0  
l t G . 5  
1 0 2 . 6  
195.1 
2Ot .6  
220.1 
2 3 2 . 3  
244 .0 
2 5 5 . 2  
26S.O 
4 .00000+11 1.50000+10 t .60000110 3 . 4 0 0 0 0 * 0 t  0.00000 
6.08369.10 9.16309109 1.96169*10 1 . 8 9 3 6 9 + 0 I  L1.00000 
2 .11531+10 2 .96211+09 9 .64823+09 1 . 4 4 3 6 6 + 0 1  0.00000 
9.55013+09 1 .21459+09 5.81436*09 1 .21463.01  0.00000 
4.81204+09 1 .65446+08 3 .83951+09 l . U 6 8 0 6 + 0 f  0.011000 
2 .62223+09 t .B1349+08 .?.65893+09 9 . 6 0 1 1 3 + 0 6  0.000Ull 
1 .46185+09 1.45405+08 1 .89125+09 8 . 1 5 2 1 9 + 0 6  U . G O 0 0 0  
8.39332+08 7 .69002+01 1 . 3 6 e e i + o g  8 . 0 3 1 4 ~ * 0 6  O.OOOOO 
4.86531 +OB 4 . 1 2  193+Ol 9 . 9  t106+08 f .  40270*06 0 .00000 
2.84660108 t.Z3056*O? 1.33096+00 6.84234r06 0.00000 
1 .6?683+08 1 . 2 2 3 0 9 + 0 t  5 .41165+00 6 .33591*06 0.000011 
9.92992+Llt 6 .  f22191L16 4.00814r08 5.81441+06 0.000Ull 
5.906Z5*0 t 3.7120z+06 2 . 9  t t I 9 + 0 0  1 .45163rO6 0 .U00011 
3.52656+01 2 .05961+06 Z.Z1721+08 5 .06300*06 O.OOUO!i 
2 . i i 3 0 9 w ~ t  1 . i4109+06 i . 6 ~ 4 w + o e  4 .  10496.06 o.oooot: 
1 .21034*(il 6 . 4 1 2 t 2 + 0 5  1.13683*08 4 . 3  1460+06 11 . 0 0 O C l l 1  
t . 6 6 1 1 9 t 0 6  3 .59793+05 9 . 2 6 3 1 4 t 0 1  4.06944.06 0 .000110 
4.63454.06 2 .02514+05  6.910 f 9 + 0  I 3.7P 133.06 11.0111111'1 
Z.81205+06 l . l4441+OS S . Z 2 4 3 f * O t  3.52634+06 0.llllllG0 
1 .11128*06 6 . 4 6 t 6 9 + 0 4  3 .93341.0 l  3.2Or(t6+06 1 .1 1336+1il 
1 .04444*06 3 .68995+04 2 .96041+01 3.001112*06 1 . 1  tlll9*C;4 
6 . 3 9 ~ 8 9 + 0 5  2 . 1 0 5 6 ~ + 0 4  z .2408zmt  z.es3tu+oe i . i 4 9 n 6 + 0 4  
3 .92411+05 1 .20546+04 1 .69140r01 2.66151.06 1.1311G0.G4 
2 .41559+05 6 . 9 2 3 4 t + 0 3  l .2849ZrOI 2 .48321*06 1 .11059.04  
1.49110*G5 3 .98911+03 S . ts339.06  2 . 3 1 t 0 9 + 0 s  1.0016P+ll4 
9 .23000+04 2 . 3 0 5 t 6 r 0 3  1.4151 1.116 2.16430*116 1 .Llt3liP*ll4 
5.12908.04 1 .33693r03 5.64635*00 Z.OZlB3t06 1.05496rt14 
3.56511+04 t . l t 5 9 l r O t  4 . 3 0 8 1 5 + 0 0  1 .0094~.1*06 1 .03124*G4 
2 . 2 2 5 t 0 * 0 4  I.S3662+OP 3.20912+06 l . t b 6 3 3 . 0 6  I.O1*92*IIa 
I.J9243*'34 2.65406rOP 2.51613.06  1 .65191*116 1.00299.114 
0 .13616+03 I . 5 5 0 3 5 * 0 ?  1.92113.06 1.54548rOb 9 . O b 4 ? l - ' l 3  
5.49550*03 9 . 1  1411 1 0 1  1 . 4  t914.06 1.44645.06  9 .  t O ? 2 1  0 7  
3.46590.03 5 .41f68+01 1 .13663*06 1 .35420.Ol  9 . Y 4 l e O . n l  
t .1919?*03 3.20861rOl 6 . t 4 t z s . o ~  i . t e 6 4 4 . 0 e  P . ~ C C O . - G ~  
1 .3693t .03  1.90586r01 6 . t41S3.01  l . lOs4C1O6 9 . 2 3 1 3 . .  f 
e . 0 3 0 t 5 r o ~  1.13534+01 s.ZO3ttrO5 1 . 1 1 3 9 t * 0 6  9.089'12*?" 
5.62633.02 6. f O 2 8 6 r O 0  4.021 I9105 1 .04450*06 8 . 9 4 3 * a * " '  
1 .59305+02 4 .06386.00  3 .11302+05 9 . 1 9  I1 l*O5 a - * ( I (  0 4 ' 0 '  
2.30129.02 2 . 4 4 1  11 to0 2.41 302tOl 9 . 1 9 2 6 9 ~ 0 5  8 .  b62e ).Li3 
l . 4 t t 2 4 r O 2  1 . 4 t 1 1 9 + 0 0  1 . 8 t 3 0 4 * 0 5  @.6?050*05 O . Y t O l 6 * 0 3  
9.50515+01 d.8bgOp-01 1.45S93.05 ~ . 1 0 1 9 1 * 0 5  8.39355.03 
6.13158+01 5.38565-01 I .13321*05 1.610021U5 0 . 2 6 3 1 4 . 0 3  
3 .96460t01  3.21199-01 8.83322+(14 I .  1 S1143r05 C .  13546.03  
2 . )6956+01 1 .99321-01  6 .89439.04  6 . I t O I 9 + 0 5  @.01'14s'L1J 
1.66933+01 1 . 2 1 t 5 6 - 0 1  5 .38838*04  6 . 3 1 9 t l r 0 S  I.@E19**'.;3 
97 
References 
3 1. JQLL,ALa, T-- L,:, L. G . ,  Static diffusion models of the upper a tmosphere  
with empir ica l  t empera ture  profiles , Smithsonian Contributions to 
Astrophysics ,  Vol. 8, No. 9, pp. 215-257, 1965. 
2. Walker, J. C. G., "Analytical Representations of Upper Atmospheric 
Densities Based on Jacchia's S ta t ic  Diffusion Models," Ins t .  of 
Space Studies, NASA/GSFC, 1965. 
3 .  Taeusch,  D. R . ,  G. R. Carignan, A. F. Nagy, a n d H .  B. Niemann, 
Diurnal  survey of the thermosphere (final report), NASA CR-61481, 
prepared by the University of Michigan under contract  #NAS8-20232, 
November 1968. 
4. Spencer ,  N .  W . ,  G. R. Carignan, and D. R. Taeusch, Recent 
measu remen t s  of the lower thermosphere  s t ruc ture ,  NASA, Goddard 
Space Flight Center ,  Technical Report  X-623-67-480, September  1967. 
5. Hedin, A .  E. , and A .  0. N i e r ,  A determiniation of the neutral  composi- 
tion, number density,  and tempera ture  of the  upper a tmosphere  from 
120 to  200 k i lometers  with rocket-borne mass spec t romete r s ,  J. 
Geophys. R e s . ,  71, 4121, 1966. 
- 
6. Kasprzak,  W. T . ,  D. Krankowsky, and A. 0. N i e r ,  A study of day-night 
var ia t ions in the neutral  composition of the lower tllerrnosphere, - J. 
Geophys. R e s . ,  73, 6765, 1968 
7 .  Krankowsky, D . ,  W. T. Kasprzak, a n d A .  0. Nier ,  Mass  spec t rometer  
studies of the composition of the lower thermosphere  during summer  1967, 
J. Geophys. R e s . ,  7 3 ,  7291, 1968. 
8. Mauersberger ,  K . ,  D. Muller ,  D. Offermann, and U .  von Zahn, A 
mass spec t romet r ic  determination of the neut ra l  constituents in  the 
lower thermosphere  above Sardinia,  J. Geophys. R e s . ,  73,  1071, 1968. 
9 .  Nier ,  A .  O . ,  J. H. Hoffman, C. Y .  Johnson, and J. C. Holmes, 
Neutral  composition of the atmosphere in the  100 to 200 kilometer range ,  
J. Geophys. R e s . ,  69, 979, 1964. 
10. Spencer ,  N. W . ,  L. H. Brace ,  G. R. Carignan, D. R. Taeusch, and 
H. Niemann, Electron and molecular nitrogen tempera ture  and density 
in the thermosphere ,  J. Geophys. Res .  70, 2656, 1965. 
99 
Re f e r e  nce s (Continued ) 
Binteregger ,H. E.  and L. A.  H a l l ,  Thermospheric d e n s i t i e s  and temperatures  
from euv absorpt ion measurements' by OSO-111, COSPAR, Plenary Meeting, 










20 .  
21. 
Pe l z ,  D. T., and G. P. Newton, Mid-lat i tude n e u t r a l  thermosphere d e n s i t y  
and temperature measurements , NASA Report X-621-67 -609 , Goddard Space 
F l i g h t  Center , Greenbel t ,  Maryland , December 1967. 
Schaefer ,  E. J., and M. H. Nichols ,  Upper a i r  n e u t r a l  composition 
measurements by a mass spectometer,  J. Geophys. Res., 69, 4649, 1964. 
Schaefer , E. J . ,  Temperature and composition of  t he  lower thermosphere 
obtained from mass spectrometer measurements , COSPAR, Eighth I n t e r -  
n a t i o n a l  Space Science Symposium, London, England, J u l y  17-28, 1967. 
NASA Tech. Trans. F-12, 112, G. Hartmann and D. Muller,  A de te rmina t ion  
of the helium and n i t r o g e n  contetit of t he  lower thermosphere (110 t o  155 km) 
above Ft.  C h u r c h i l l ,  Canada. 
U.  von Zahn, Mass spectrometer measurements of  atomic oxygen i n  the 
upper atmosphere: 
December 1, 1967. 
a c r i t i c a l  review, J. Geophys. Res., 72, #23, 
Hartmann, G. ,  K. Mauersberger, and D. Muller,  Evaluat ion of the 
turbopause l e v e l  from measurements of t he  helium and argon con ten t  
of the lower thermosphere above F t .  C h u r c h i l l ,  paper presented a t  
the COSPAR Plenary Meeting, London, England, J u l y  24-29, 1967. 
von Zahn, U.  , and J. Gross , Mass. spec t romet r i c  i n v e s t i g a t i o n s  of the 
thermosphere a t  high l a t i t u d e s ,  J. Geophys. Res., 74, 4055, August 1, 1969. 
Grab, J . ,  D. Offermann, and U von Zahn, Neu t ra l  p a r t i c l e  d e n s i t i e s  i n  
t h e  lower thermosphere a s  measured by mass spectrometers  above F t .  
Church i l l  and S a r d i n i a ,  paper presented a t  t h e  COSPAR P l e n t a r y  Meeting, 
London, England , J u l y  24-29 , 1967. 
Wildman, P. J. L . ,  M. J. Kerley,  M. S. Shaw, Molecular oxygen measurements . , 
from 100 t o  150 km a t  Woomera, A u s t r a l i a ,  J. Atmos. T e r r e s t .  Phys., 31, 
951-957 , 1969. 
L 
Landini,  M . ,  D. RUSSO, and G. L. T a g l i a f e r r i ,  Atmospheric d e n s i t y  mea- 
sured by the a t t e n u a t i o n  of the s o l a r  x-rays monitored on the NRL 
1965-16-D s a t e l l i t e  , I ca rus  , 6 ,  236-241, 1967. 
100 
APPRO VAL NASA TM-X-53994 
A COLLECTION O F  LOWER THERMOSPHERIC (100 ‘1’0 308  Kivi ALTI- 
TUDE) CHEMICAL COMPOSITION, TEMPERATURE, 
AND MASS DENSITY DATA 
Don K. Weidner and Michael  T .  Calloway 
T h e  information in this  r e p o r t  has been reviewed for  securi ty  
classification. Review of any information concerning Department  of 
Defense o r  Atomic Energy Commission p rograms  has  been made  by 
the MSFC Security Classification Officer. This  r epor t ,  in its 
en t i re ty ,  has  been determined t o  be unclassified. 
T h i s  document has  a l so  been reviewed and approved fo r  technical 
accuracy .  
W. W. Vaughan $- Chief, Aerospace  Environment Division 
E. D. Geiss le r  
Di rec tor ,  Aero-A strodynamic s Laboratory 
MSFC-RSA. AI8 
101 
D I R  
Sm-AERO 
D r .  G e i s s l e r  
M r .  W. Vaughan 
M r .  D. Weidner (50) 




PM-PR-M, M r  . Golds t o n  
A&TS-TU, M r .  Wiggins ( 6 )  
DISTRIBUTION 
DEP- T 
S c i e n t i f i c  & Techn ica l  In fo rma t ion  F a c i l i t y  (25) 
P. 0. Box 33 
C o l l e g e  Park ,  Md. 20740 
At tn :  NASA Rep. (S-AK/RKT) 
102 
